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ABSTRACT
Context. The X-ray source SAX J1712.6–3739 is a very weak Low Mass X-ray Binary discovered in 1999 with BeppoSAX and
located in the Galactic Center. This region has been deeply investigated by the INTEGRAL satellite with an unprecedented exposure
time, giving us an unique opportunity to study the hard X-ray behavior also for weak objects.
Aims. We analysed all available INTEGRAL public and private Key-Program observations with the main aim of studying the long-
term behavior of this Galactic bulge X-ray burster.
Methods. The spectral results are based on the systematic analysis of all INTEGRAL observations covering the source position
performed between February 2003 and October 2006. SAX J1712.6–3739 did not shows any flux variation along this period as well
as compared to previous BeppoSAX observation. Hence, to better constrain the physical parameters we combined both instrument
data.
Results. Long INTEGRAL monitoring reveals that this X-ray burster is a weak persistent source, displaying a X-ray spectrum extended
to high energy and spending most of the time in a low luminosity hard state. The broad-band spectrum is well modeled with a simple
Comptonized model with a seed photons temperature of ∼ 0.5 keV and an electron temperature of ∼24 keV. The low mass accretion
rate (∼ 2×10−10 Msun/yr), the long bursts recurrence time, the small sizes of the region emitting the seed photons consisting with the
inner disk radius and the high luminosity ratio in the 40–100 keV and 20–40 keV band, are all features common to the Ultra Compact
source class.
Conclusions. We report, for the first time, on the X-ray behavior of this source: observations with unprecedent wide energy band and
sensitivity revealed this X-ray burster is a persistent source with an hard spectrum extending up to energies > 100 keV.
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1. Introduction
SAX J1712.6–3739 was discovered in 1999 during the monitor-
ing campaign of the Galactic Centre region performed by the
BeppoSAX/WFC (Cocchi et al. 1999 and in ’t Zand et al. 1999).
This instrument observed a type-I X-ray burst with exponen-
tial decays on August 1999, identifying the compact object as
a weakly magnetized neutron star in a low mass X-ray binary
system with a derived distance of 7 kpc (Cocchi et al. 2001).
The source was followed-up by the BeppoSAX/instruments to
investigate the spectral properties: SAX J1712.6–3739 shows
a spectrum extended up to about 60 keV, with an intensity of
∼ 6 mCrab, both in the MECS (1–10 keV) and in the PDS
(15–60 keV). The spectrum was fitted by an absorbed power
law (Γ ∼2.2) and a column density NH∼2×1022cm−2 or by a
Comptonised emission model with electron temperature of ∼ 50
keV and a lower column density NH∼1×1022cm−2 (Cocchi et al.
2001). The ROSAT source J171237.1-373834 is just 0.′6 from
the BeppoSAX position with a flux of 1.6 mCrab in the energy
range 0.1–2.4 keV (in ’t Zand et al. 1999). No optical counterpart
has been identified yet within the 13′′ (1σ) ROSAT error circle
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radius. SAX J1712.6–3739, monitored during the PCA/RXTE
bulge scan program, is continuously active, apparently in two
states: a slowly changing state, and a quicker one (in ’t Zand et
al. 2007). It was included in the IBIS/ISGRI soft Gamma-Ray
survey catalog (Bird et al. 2007) as a transient X-ray buster with
fluxes corresponding to 4.7 ± 0.1 mCrab and 4.0 ± 0.2 mCrab
in the energy bands 20–40 keV and 40–100 keV, respectively.
Recently, Chelovekov et al. (2006) reported two further burst de-
tections with INTEGRAL/IBIS in 2003-2004, both with the same
peak flux.
2. Observations and Data Analysis
BeppoSAX observed the source on September 1999 with an ex-
posure of 21 ksec. LECS, MECS and PDS event files and spec-
tra, available from the ASI Scientific Data Center, were gen-
erated by means of the Supervised Standard Science Analysis
(Fiore et al. 1999). Both LECS and MECS spectra were accumu-
lated in circular regions of 8’ radius. The PDS spectra were ob-
tained with the background rejection method based on fixed rise
time thresholds. Publicly available matrices were used for all the
instruments. The cross-calibration constant values were taken in
agreement with the indications given in Fiore et al. 1999. Fits are
performed in the following energy band: 0.5–3.0 keV for LECS,
1.5–10.0 keV for MECS and 15–70 keV for PDS.
The INTEGRAL (Winkler et al. 2003) observations are divided
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into uninterrupted 2000-s intervals, the so-called science win-
dows (SCWs). Wideband spectra (from 5 to 200 keV) of the
source are obtained using data from the two high-energy instru-
ments JEM-X (Lund et al. 2003) and IBIS (Ubertini et al. 2003).
Data were processed using the Off-line Scientific Analysis (OSA
v5.1 and v6.0 for IBIS and JEM-X, respectively) software re-
leased by the INTEGRAL Scientific Data Centre. While IBIS
provide a very large FOV (> 30◦), JEM-X has a narrower FOV
(> 10◦), thus providing only a partial overlap with the high-
energy detectors. Data from the Fully Coded field of view only
have been used for both instrument. Two X-ray bursts detected
with INTEGRAL/IBIS in 2003-2004 reported by Chelovekov et
al. (2006) are not included in our data set, being the source out of
our selected field of view. IBIS light curves and spectra are ex-
tracted for each individual SCW. JEM-X spectrum was extracted
from mosaic image at the position of the SAX J1712.6–3739.
3. Spectral Analysis of the persistent emission
During the BeppoSAX observations the source intensity was ∼ 6
mCrab both in the MECS (2-10 keV) and PDS (15-60 keV) in-
struments. The SAX J1712.6–3739 flux level after discovery was
near the limiting sensitivity of the WFC instrument (Jager et al.
1997) and for this reason this object was classified as a transient
source (Cocchi et al. 1999). INTEGRAL long monitoring, at the
limiting sensitivity of ∼ 1 mCrab at 10 σ level on an exposure
of ∼10 Ms, shows that SAX J1712.6–3739 is a weak persistent
source, with a time averaged intensity of 6.1 ± 0.3 mCrab and
6.7 ± 0.7 mCrab, for IBIS (17-30 keV) and JEM-X (4-10 keV)
instruments, respectively. The SAX J1712.6–3739 luminosity do
not significantly vary from one observation to another, so that
we can take advantages in order: 1) to create an high quality
IBIS and JEM-X average spectra with long exposure time (685
ks and 132 ks, respectively) and 2) to build up a wide band spec-
trum with no gap from 0.5 to 200 keV, combining LECS, MECS,
PDS, IBIS and JEM-X data.
The whole data set was fitted with several physical models, using
XSPEC v. 11.3.1.
We fitted the spectrum in the energy band 0.5–200 keV with
a simple cutoff powerlaw model but this resulted in a poor fit to
the data with a reduced chi square χ2ν ∼ 2.7 (135 d.o.f.). Similar
result (χ2ν ∼ 3.1 with 135 d.o.f.) was obtained fitting this data set
with the Comptonization model COMPST (Sunyaev and Titarchuk
1980).
For both models, the strongest residuals are at the energy
below few keV, indicating that a more complex model with a
soft component is need to fit these data. This is agreement with
the picture formulated in the past years according to which the
X-ray spectra of the low mass X-ray binaries were generally
described as the sum of a soft and hard component. These in
turn are interpreted in the framework of two models: the Eastern
Model (Mitsuda et al. 1984) consisting of a blackbody together
with a Comptonized component and the Western model (White
et al. 1984), consisting of a multicolor disk blackbody plus a
Comptonized component. For the soft component we used the
black body component in the formulation of Mitsuda et al.
(1984) with all parameters free or the multicolor disk black-
body component in the formulation of Makishima et al. (1986),
which assume the gravitational energy released by the accret-
ing material is locally dissipated into blackbody radiation, that
the accretion flow is continuous throughout the disk, and finally
the effects of electron scattering are negligible. The two param-
eters of this model are free: rin(cosi)0.5 where rin is the inner-
most radius of the disk, i is the inclination angle of the disk and
kTin the blackbody effective temperature at rin. Adding a black
body component improves the fit significantly, reducing χ2/do f
from 366/135 to 138/133 for the cutoff power law model and
from 414/135 to 160/133 for the COMPST model. We also have
tried to fit this data set with a model consisting of a only one
COMPTT (Titarchuk 1994) component, assuming a spherical ge-
ometry for the Comptonizing region. This replaces the COMPST
Comptonization model in the sense that the theory is extended
to include relativistic effects and the seed photon energy can be
in the soft X-ray range, while in the older models the seed pho-
tons are cool, i.e. in the UV band. We left the following param-
eters free: the temperature of the Comptonizing electrons kTe,
the plasma optical depth τp and the input temperature of the soft
photon Wien distribution kT0. This model gives a good χ2/do f
of 142/134 and also take care of the photons deficit below few
keV with respect to the cutoff powerlaw or COMPST models. The
physicals parameters obtained using this model are reported in
Table 1. Adding a soft X-ray component to the COMPTT compo-
nent reduces χ2/d.o.f. from 142/134 to 119/132 for the black
body component and from 142/134 to 120/132 for multicolor
disk blackbody component, with a low F-test chance probabili-
ties of 8.6 × 10−6 and 1.5 × 10−5, respectively. These fit results
of the broad band spectrum using the models with two emission
components are reported in Table 1.
The column density NH towards the source was left free and
its value measured by the LECS and MECS instrument is always
close to the galactic column density (NH galactic = 1.34 ×
1022 cm−2, estimated from the 21 cm measurement of Dickey
& Lockman 1990). Figures 1, 2 and 3 show the counts spectra
with residuals respect to the best fits and the photon spectra of
the SAX J1712.6–3739 using the models described above. These
figures clearly illustrate the importance of the broad band cover-
age obtained combining INTEGRAL and BeppoSAX data, which
allowed us to well constrain the physical parameters and clearly
shows the source has a constant luminosity from ∼ 3 up to 20
keV.
4. Discussion
INTEGRAL observations reveal for the first time that this X-
ray burster is a persistent source, displaying a very hard X-
ray spectrum and spending most of the time in a low luminos-
ity and hard state. A broad-band spectrum obtained combining
the INTEGRAL together with the BeppoSAX data displays prop-
erties which fits well into the classification of low luminosity
(∼0.01 LEdd) weakly magnetized neutron stars with ”hard spec-
tra” (Barret et al. 2001): a broad-band spectrum extending up to
100 keV, dominated by a Comptonized component, with a opti-
cal depth of the Comptonizing corona of ∼3, seed photons tem-
perature of ∼0.5 keV, an electron temperature of ∼24 keV. A few
LMXBs appear to spend most of the time in this ”hard state” (Di
Salvo & Stella 2002), e.g. 4U 0614+091 (Piraino et al. 1999) or
4U1850-087 (Sidoli et al. 2006).
The emission spectrum could be also fitted with a two com-
ponent model consisting of a blackbody, or multi color black-
body component which represents emission from an optically
thick accretion disk or from the neutron star surface, together
with a Comptonized component which is interpreted as emis-
sion from a hot inner disk region or a boundary layer between the
disk and the neutron star. We have estimate a black body radius
of ∼ 5 km for the black body component and the inner radius
of the disk < 11km for the multi disk component. Although the
data statistics does not allow us to distinguish between the two
Please give a shorter version with: \authorrunning and/or \titilerunning prior to \maketitle 3
Fig. 1. INTEGRAL and BeppoSAX data and residuals respect to the best model consisting of a simple comptonized COMPTT model
(left) and respective energy spectrum (right). Light blue points are BeppoSAX data and red points are INTEGRAL.
Fig. 2. INTEGRAL and BeppoSAX data and residuals respect to the best model consisting of a multicolor black body and
Comptonized COMPTT model (left) and respective energy spectrum (right). Light blue points are BeppoSAX data and red points
are INTEGRAL. The contributions of the two component are shown separately: orange and green are multi color black body and
Comptonization component, respectively, and their sum is plotted in magenta.
physical models, both values of the radius give an indication of
the system compactness.
We have also estimated the sizes of the emitting seed photons
region, assuming their emission as blackbody with temperature
T0 and radius Rseed following in ’t Zand et al. (1999). We ob-
tain Rseed ≃ 8.3 km (LC/1037 erg s−1)1/2(1+ y)−1/2(kT0/1 keV)−2,
where LC is the luminosity of the Comptonization component.
Here, we have estimated the amplification factor of the seed
luminosity by the Comptonization as (1 + y), where y is the
Comptonization parameter, y = 4kTe max(τ, τ2)/mec2. The ob-
tained values are ∼ 1 km and ∼ 10 km for the model with the
blackbody component and with multicolor disk blackbody com-
ponent, respectively. The parameters obtained using the latter
model allows for a more reasonable interpretation.
These results show that the radius of the region providing
the seed photons for the Comptonization emission is consistent
with the inner radius of the accretion disk, showing that the seed
photons are bounded in small region spatially coincident with
the inner part of the disk. Moreover the seed photons temper-
ature T0 is consistent with the inner disk temperature Tin. By
imposing T0=Tin, the fit values correspond to a disk tempera-
ture of 0.57±0.08 keV with a χ2/do f of 121/133. This behavior
suggests to identify the inner disk as the region providing the
seed photons of the Comptonization emission. This result was
observed in most of ultra compact X-ray source: 4U 1850-087,
4U 1820-303 and 4U 0513-40 (Sidoli et al. 2001), XTE J1751-
305 (Gierlin´ski & Poutanen 2005), XTE J1807-294 (Falanga et
al. 2005).
Assuming the persistent flux represents the average mass ac-
cretion rate and an accretion efficiency of η = 0.2 (correspond-
ing, e.g., to MNS = 1.4M⊙ and RNS = 10 km) and using multi
color disk model luminosity, L0.1−200keV = 1.6 × 1036ergs−1, we
get ˙M ≃ 2.8 × 10−10M⊙ yr−1 for SAX J1712.6–3739. This
low mass accretion rate is consistent with the hard spectrum
of SAX J1712.6–3739, according to our present understand-
ing on the X-ray bursters (for review see van der Klis 2006).
Moreover, the burst recurrence time is dependent on the mass
accretion rate on the neutron star: the faster new fuel is pro-
vided from the donor star, the shorter is the burst recurrence
time. Long INTEGRAL monitoring shows clearly that the fre-
quency of bursts in this sources is low, as previously reported
by in ’t Zand et al. (2007), who estimated a recurrence time of
345–6507 hr.
In ’t Zand et al. (2007) have selected all 31 persistent X-ray
bursters as reported in the INTEGRAL survey (Bird et al. 2006)
and demonstrated that the low mass accretion rates are accompa-
4 Please give a shorter version with: \authorrunning and/or \titilerunning prior to \maketitle
Fig. 3. INTEGRAL and BeppoSAX data and residuals respect to the best model consisting of a simple black body and a Comptonized
COMPTT model (left) and respective energy spectrum (right). Light blue points are BeppoSAX data and red points are INTEGRAL.
The contributions of the two component are shown separately: orange and green are black body and Comptonization component,
respectively, and their sum is plotted in magenta.
Table 1. Results of the SAX J1712.6–3739 fit, using different models: a simple comptonized model, a blackbody plus a Comptonized
component and a multicolor disk blackbody plus a Comptonized component. Uncertainties are at the 90% confidence level for a
single parameter variation.
Model 1 NH ... ... To Te τ nCOMPTT χ2/d.o.f
(1022 cm−2) ... ... (keV) (keV) ... (10−3) ...
comptt 1.3 ± 0.1 ... ... 0.47 ± 0.02 24+16
−10 2.7 ± 1.3 2.0+1.2−0.8 142/134
Model 2 NH Tin rin(cosi)0.5 To Te τ nCOMPTT χ2/d.o.f
(1022 cm−2) (keV) (km) (keV) (keV) ... (10−3) ...
diskbb + comptt 1.4 ± 0.3 0.7 ± 0.3 < 11 0.5 ± 0.2 24+22
−9 3 ± 2 1.6+1.6−0.8 120/132
Model 3 NH Tbb Rbb To Te τ nCOMPTT χ2/d.o.f
(1022 cm−2) (keV) (km) (keV) (keV) ... (10−3) ...
bbody + comptt 1.2 ± 0.2 0.6 ± 0.1 5 ± 1 1.2 ± 0.2 34+54
−14 2.0 ± 1.5 0.5+0.6−0.2 119/132
nied by the hard X-ray spectra of the persistent emission. Almost
all the Ultra Compact X-ray binaries have the highest values
of the (40–100)keV/(20–40)keV hardness ratio. SAX J1712.6–
3739 was not included as supposed to have a transient nature.
We now know it is a persistent and weak source, showing a high
ratio L(40−100)keV /L(20−40)keV∼0.90, in agreement with the value
of 0.85±0.06 as derivated from recent data in Bird et al. 2007.
Finally, the low mass accretion rate, the long bursts recurrence
time, the small sizes of the region emitting the seed photons con-
sisting with the inner disk radius and the high luminosity ratio
in the 40–100 keV and 20–40 keV support the idea of In ’t Zand
et al. (2007) that this source could be a candidate Ultra Compact
Binary.
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